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INTRODUCTION
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The supersonic transport will be an extremely complex air vehicle

compared to present subsonic jet eairliners, due to the wide range of

speeds involved and the attendant altitude variations required to

e

achieve maxinum efficiency. For this reason, as well as to satisfy
the economic and safety requirements for the supersonic transport,

careful study must be given all factors having a bearing on operation

of the aircroft. Hence, the importance of the various natural phenomena

to be encounuered, such as wind, rain and ice, ozone and atmospheric

temperature, must be established. The purpose of this paper will be .
to consider, in particular, the effects of variations in atmospheric ;-‘af
temperature <n the design and on the performence of the Mach 3 super-

sonic transport.

The first section of the paper describes the procedure used in u . o
y) &
determining the effects of atmospheric temperature on performance. ___,___7

Following this a brief introduction into the effects of altitude and
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atmospheric temperature on some of the aircraft performance parameters
will be shown. The next portion is devoted to a discussion of two
important airplane design parameters as affected by variations in
atmospheric temperature. Each phase of a typical mission profile

then will be considered in detail for a given airplane with respect

to standard :.d hot day conditions. The final section illustrates
several operc:iional problems that would result from elevated temper-

atures occurring along the flight profile.

PERFORMANCE ANALYSIS

In order to determine the losses or gains in performance of the
supersonic transport as a result of atmospheric temperature variations
*rom-pgiendard, it is important to consider the entire mission and not
Just the area where the temperature change occurs. This is due to the
fact that each portion of the flight has a definite effect on the re-
maining part of the ﬁission. For example, a loss in performance during
the climb and acceleration phase, where about one-third of the trip fuel
normally is coasumed, produces changes in performance during cruise.as
a result of *he altered airplane cruise weight and range. To obtain a
realistic anslysis, various atmospheric temperature schedules were
assumed along a given mission profile and the performance of a typical
supersonic transport configuration flying this mission was determined

using a digital computer program.

The configuration used for this study was a delta wing and canard
type designed for cruise at a Mach number of:3 with four turbofan

engines in separate wing mounted pods. The eerodynamic data used
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as inputs to the performance program-wee obtained through a series of

wind-tunnel tests conducted at Ames Research Center. However, it should

be pointed out that many of the problems discussed herein are also of

concern for other configurations. The flight renge considered was

3200 nautical miles. The take-off gross weight was held constant and

the relation between payload capability and fuel consumed was used as

a measure of performance. Figure 1 shows the 2 PSF maximum ground over-

pressure climb profile which was used as an input to the performance

program for all cases analyzed. This profile indicates the minimum
Supersonic

altitude that can be flown at a givenAMach number in order to avoid

ground overpressures greater than 2 PSF and it ;s a function of the

aircraft weight and geometry. After teking off' the aircraft was assumed

to climb and accelerate to TS00 feet where it would level off and accelerate

40

&t a Mach number of .9 . It was then assumed to climb at a constant Mach
number to about 25,000 feet where it would begin to accelerate once again
and follow the 2 PSF boundary to a Mach number of 3. The lower portion

of the profile is dictated by noise considerations and the efficiency of

climbing at the highest possible Mach nuriber, although 1t was not developed

by a comprehensive analysis. It should be pointed out that changes to the

profil.e in this area have very little effect on the overall performance.
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An irc:rease in altitude of the m—ovemressure boundary in the transonic
region, however, can cause a considerable loss in performance because of
the rapid reduction in engine thrust. Upon reaching Mach 3, the aircraft
was assumed to climb to the desired cruise altitude which must end would o

L

be hizher than the 1.5 PSF ground overpressure limit for this airplane as

indicated in figure 1. The two types of Mach 3 cruise profiles used in
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this paper were a constant altitude and an optimum or Breguet. A mathe-
matical expression defining the cruise range capability of an airplane

Lirst and Mmay pe wytken L‘.@ Wi
was ydeveloped by Breguet"as (v e ) In ( =3 ) where V is flight velocity,

Wf

L/D the 1ift to drag ratio, SFC the er ... sp. ¢ i~ ruel consumption, and
Wi and Wf the weight of the airplane at the beginning and end of cruiﬁe,
respectively. The first term represents the aerodynamic efficilency, V'% ,
and the propulsive efficiency, 1/SFC. The so called Breguet cruise is oﬁe
for maximum range wherein the first term of the equation is maximized and
vwhich results in a climbing cruise as will be shown later. Before consider=

eramine
ing the results of the performance analysis it may be helpful to -eampivenin—
briefly the effects of increasing altitude and atmospheric temperature on

some of the more important parameters used in calculating aircraft performance.

EFFECTS OF INCREASED ALTITUDE AN ATMOSPHERIC
TEMPERATURE ON PERFCTVANCE P, RAMETERS
While this paper is mainly concerned with atmospheric temperature

effects on performance, it is desirable to have an understanding of altitude
effects as well because the two are involved in both the climb and in a
Breguet cruise. In climb, a.change ;Qrfsmperature will affect the engine
thrust and this in turn will affect the oltitude above which the airplane
has insufficient thrust-drag mérgin for acceleration through transonic and
low supersonic sﬁeeds. In cruisg, a change in temperature will result in
a change in altitude required for maximum aerodynemic efficiency. Figure 2

changes in
is included *o show the effects of i--oaoedAaltitude and atmospheric

Voo gl

temperature on the variouéiﬁerformance parameters for the assumed airplane

»
E.'
5
A
4
I’
(,:‘
¥

<




e

-5 -

during cruise. Both the cruise Mach 1:: »cr of © :z:.d the aircraft weight
varyng .
are held constant whilehﬁuu-nuling separately the altitude and temperature. ;
: variations tn ;
- Figure 2a shows the effect of, mmrenming cruise altitude on a standard day, ‘
. variations \n
and figure 2b shows the result of \ imcmessing atmospheric temperature above

standard for a constant altitude. It should be pointed out that both graphs
in the figure are plotted to the same vertical scaleSand that the drag and

thrust curves are in pounds. :
Referring +» +he solid curves v fqure za ‘ 3
rE-arb-to i dotied-durnes~for—theopnasend, it is - :

seen that the velocity (V) is constant for the altitude range shown because

G e R o s e i L

a constant Mach number is assumed and the speed of sound is constant in this
altitude range. The drag (D) falls off =s the :1ltitude is increased be=simut

~3y000~feet-due to a decrease in dynemic pressure, shd-then—pegins—ifo—Pise
Howevev,
: the aircraft angle of attack is continuously increased to maintain :

This resulds inan increase in drag which becomes stronger 4han ihe former oflect st an te
the required 1ift., As was previously stated, the thrust (T) normally falls 3t¥ilwde

of abou¥";

Y Y- A

off with an increase in altitude for =z given Mach number and throttle set~i;ing.7}m+

fov / R

However; to maintain a cruilse condition of Mach 3 the thrust must equal t . thes
drag and this requires an increase in throttle setting with an increase in

cruise altitude as the drag begins to increase. The small difference in

the thrust and drag curves of figure 2 is due to the fact that the aircraft

is at a finite angle of attack and a small component of the engine thrust ?
is acting in the 1ift direction. The specific fuel consumption (SFC) is an
indication of the engine efficiency and it represents the pounds of fuel

used per hour per pound of thrust produced. As is shown for the cruise

condition, t e SFC increases with an increase in altitude. This, coupled

with an incr cse in thrust required results in an increased engine fuel

e TR 4 A
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flow rate. The aircraft aerodynamic efficiency factor or lift to drag
ratio (L/D) goes up as the altitude is increased to about 72,000 feet
and then begins to fall off. Because the weight and thus the 1ift is
constent for all the altitudes shown, the L/D value is dependent mainly
on the drag =ud thus it peaks cloée to the altitude where the drag is a
miniﬁmm. The difference shown is due to the drag of the engine air
induction system which has not been i:  ded rr ‘1 - Lift-to-drag ratio
for this analysis. The dashed curves of L/D and SFC are shown for the
same aircraft at a lighter weight due to fuel consumption during cruise.
'From this it can be seen why an optimum or Breﬂ_uet cruise, that is flying
the maximum value of V x L/D/SFC , results in a climbing flight as previously
stated. As the weight is reduced the maximum L/D occurs at a higher altitude.
Aiso for the lighter weight the SFC is reduced and the amount of this reduction
is greater at the higher altitudes. This lower SFC value is a result of a
decrease in drag and thus thrust for the reduced weight, although the latter
two velues are not shown in the figure. Therefore in order to fly an optimum

Showld .
cruise the airplane, wiish continuously seek the 1 aximum velue of L/D divided

A
by SFC, resulting in a climbing flight vs the weight is reduced and the

velocity held constant. For this airplane a Breguet cruise results in a

climbing flight froa about 68,000 to 77,000 feet during a 3200 nautical

i
mile mission. Although the effects of altitude during cruise have been

discussed herein, the climb and accelerate portion of the mission is
similar. The main difference is that curing climb, the thrust is not

equal to the drag and for a given throttle setting, say maximum power,

tall
the thrust and fuel flow rate ead® off with an increase in altitude.

1. An oP'f.'mum or 'Bresuc"' cvuise was consideved ;n this .sfuc/}, but if may
be that in the aefual opevational phasc of the supersonie transpor? +his Fype

oF cruise o1l not be permissible due to the problems vt could create in
aircvalt tra ffc control.

—
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Figure 2b shows the effect of:i:s;;':; ,a; aimospheric temperature

Aah:e standard for a constant altitude cruise and a constant weight.
SN  InCréase wn

The airplene velocity increases with,temperature since the speed of
sound increases and the Mach num‘t;er is ‘held constant, s The drag
remaips neerly constant for all temperatures and the slight rise is due
to é. small increase in the dynamic pressure. Again the thrust must follow
the drag for level unaccelerated flight and this involves a throttle increase
as the temperature rises. If the throttle:‘:‘fallowed to remain in one
position the engine thrust would fall oI7 witix increased temperature and vthe
alrcraft would not maintain altitude or speed. The engine specific fuel
consumption increases with atmospheric -riwersturz and this indicates that
a hot day cruise isn't as efficient as ihat of a standard day. Since the
weight and thus the lift are assumed constant and the drag is essentially
constant over the temperature range considered, little or no change in the
L/D would occur as shown. The effects of increased atmospheric temperatur:
on the pérforma.nce parameters during the climb and accelerat‘:néegnent of
the mission would be of similar nature with the following exception. As
previously stated, the throttie setting is held constant for most of the
climb, and an increase in temperature would cause a reduction in thrﬁst
and fuel flow rate. Although the SFC increases with temperature, the
reduction in thrust is more predominate, resulting in the reduced fuel

flow rate as the temperature is increased.

The fore joing discussion is intended to be an aid in understanding
the effects ¢ gcribed in the remaining parts of the paper. It considered

only instant: eous points along the flight profile and the actual problem

iaciat A% TN
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is of a more complex nature, as the conditions discussed are all inter-
related and occur throughout the entire :uiission. It should be reemphasized
that the altitude and temperature effects discussed would apply generally
to -2?&3&- supersonic transport configurations with similar engines.

EFFECTS OF ATMOSPHERIC TEMPERATURE VARIATIONS ON AIRPLANE DESIGN

It is important for the airplane designerzt,’o bave an understanding
of the effects of atmospheric temperature veriations on the aircraft
performance in the early design stages. Using information on expected
temperature ex;;remes , he must determine e valic . the various airplane
design parameters which would give the best overall performance for the
entire temperature range considered. Figure 3 illustrates how the designer
‘must account for the effects of atmospheric temperature variations in the
design phase in establishing two important aircraft design parameters,
wing loading ( ;Wg_) and thrust-to-weight ratio ( %'E ) . This figure shows
the variation of relative payload with thrust-to-weight ratio and wing
loading for a 3200 nautical mile design mission using a Mach 3 Breguet
cruise. Curves for a standard day and for a plus and minus 20°F day
experienced throughout the complete cliuib and cruise portion of the flight
profile are shown. A brief description of the pi.rameters involved should

jew Tagraph
prove helpful in understanding the trencs shown in the figure. ¢ The airplane

thrust-to-weight ratio or engine sizing parameter is defined as the standard

day maximum sea level static thrust for all four engines divided by the air-
plane ake-off gross weight. As the thrust-to-weight ratio increases,the

engine size would have to increase (gross .weight heing constant) as would

the engine pod weight and the overall drag of the airplane. The wing loading

Semep Y
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/// or wing sizing parameter is defined as the airplane take-off gross weight
. 3 B B ?

o PN 1 T L e . . :
divided by the wing area. Since tﬁe gross weight was held constant, the
wing loading was changed by vearying the wing area, and the attendﬁnt effects

on structural weight and on drag were accounted for. Thus an increasing

wing loading indicates a decreasing winyg;

2

area. It is obvious, then, that
thrust-to-weizght ratio and wing loadir:; define engine and wing size re-
@
spectively, Because of certain assumptions pertaining to the structural gbb
the absclule magniicde of the payloads camet be consideved
and equipment weightsj#ﬁ&e resultant payloads are presented in figure 3
us
relative to the maximum payload obtained on a standard day. For the
theny
purposes of this papery trends rather than absolute values are of prime

- importance and these are shown adequatcly by considering the relative

N e e g gt e
- .

values and their variations with wing loading and thrust-to-weight ratio. {"

The solid curve of,figure 3a shows the variation of relative payload ;
with thrust-+to-weight ratio for a standard day and a wing loading of 80
pounds per square foot. A thrust-to-weight ratio of about .43 is shown
to give the maximum payload for this case. It should be pointed out that
the éctual value of thrust-to-weight ratio indicated as optimm will vary
with the engine cycle and flight profilr consider~d. The loss in payload
for thrust-to-weight ratios higher thci: optimum is due to the attendant
increased engine and nacelle weights. This points out the penalty involved
in using a conservative design approach by oversizing the engines to account
for any uncertainties in the airplane'drag or engine thrust. The reduction
in payload for thrust~to-weight ratios lower than optimm is a reéult of the
excess time spent in acceleration where the fuel flow rates are high. The

Show the variation of relative paylcad with torust-to-ueght ratio Sor
: e snaeibemeprmbih atmospheric temperatures

i e R T e
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of plus and nminus 20°F from standard. Some variation in the optimum
thrust-to-weight ratio for a change in terperature is indicated. The
results also show a large variation in performance associated with a
20°F change in the atmospheric temperature. For the optimum conditions,
this < 'fect amounts to a loss of about 25 percent of the standard day
payloed on a 20°F hot day or about the weight of 32 passengers and baggage.
Figure 3b shows the variation of relative payload'with wing loading for
standard and nonstandard temperatures and for a thrust-to-weight of .45 «
No chz.nge in the optimum wing loading with a temperature change is indicated,
but again the large payload losses on a hot day and gains on a cold day are
evident.

One reason for the large performance gains and losses of figure 3 is
seefn by considering the changes in the transonic acceleration values as a
result of nonstandard temperatures. Figure I shows the variation of minimum

In g ¢dse
acceleration rates(occurring at a Mach number of about l.l)with thrust-to-

A
weight ratio and atmospheric temperature. The wing loading of 80 pounds per
square foot and the maximum throttle setiting were both held constant. The
optimum thrust-to-weight ratiés froxﬁ figare 3 are indicated by the circles
on the corresjyonding curves of figure 4, and it can be seen that these occur
at the same lzvel of acceleration. The results indicate very low values of
minimun acceleration for optimum ;)r near optimum thrust-to-weight ratios.
This is due tc the relatively high altitudes and accompanying low thrust
levels vhich .re necessitated by sonic overpressure limitations and reflected
in the flight profile assumed. Considering a thrust-:to-weight ratio of .k5 ,

Mminne 3

it can be seen that the standard day, . =’ ... * i 1s reduced about 23

percent as a result of a 20°F increase in atmospheric temperature. This

O —
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acceleration loss is due to thrust degradation with temperature and

results in longer times spent in the high fuel consumption acceleration
phase, producing a loss in payload capability. A decrease in temperature
below svandard increases the acceleration level, decreases the time required
for ec:eleration, and thus results in increased payload capability. As
figure 4 shows, an airplane designed for an optimum thrust-to-weight ratio
with respect to payload capability on a standard day will still have positive
acceleration capabi;ity on a 20°F hot day but would suffer a large reduction

in peyload capability as previously indicated.

Tae airplane designer would employ a procedure similar to that described
to determine any effects on desigﬁ ving loading or thrust-to-weight ratio as
a result of nonstandard temperatures. OCf course, there are other areas to
consider in the design phase, such as take-off and sonic boom effects, where i

increased atmospheric tempereatures may have a bearing on the selection of

i
!
N . o
!

the wing and engine size. However, for the conditions considered, it

appears that changes in atmospheric temperature have little or no effect ?‘

on the optimum wing loading and a small effect on the optimum thrust-to-

‘weight ratio as determined on a standar¢ day. This indicates, then, that

the designer will need to consider only the approximate maximum temperature
extremes in which the airplane can be expected to operate and thus a close
definition of these temperatures will not be required from the meteorologist

at an early cate. The results do show that temperature variations will play

an extremely Uunportant. role in the operation of the supersonic transport due

to the large reductions in performance on a hot day. For use in the re- A

mainder of this paper, a wing loadin:: Lo ozeunr por square foot and a

<
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thrust-to-weiat ratio of .45 have been selected Aé a result of this study.
Also, only hot day conditions will be considered hereafter due to the actual
improvements in performance as a result of atmospheric temperatures below
standard.
EFFECTS OF INCREASED ATMOSPHERIC TEMPERATURE
DURING VARIOUS PHASES OF THE FLIGHT
The preceding discussion has shown that the Supersonic Transport
experiences severe losses in performance as a result of operation on a
hot day. The operators of the aircraft must cope with these effects as
‘they bave with similar effects, althbugh less severe, in past generations

of transport aircraft. For the

Ette Meteorologist, then, it is
well to examine these effects on the operation of the supersonic transport
to determine what if any improved weather information will be required by
the airline operators. Thus the effects of variations in wimospheric
temperature in each phase of the supersonic transport mission will be
considered.

Climb and Cruise. - Because the preceding study was based on constent

temperadture increments throughout the climb and cruise portions, the

magnitude of the performance losses in each £c;12nt of the flight profile

due to hot day operaﬁion was not apparent. Further clarification of the

picture may be obtained by reference to figure 5 which shows the variation

of fuel used with atmospheric temperature for various segments of the mission
ndicated n

profile. As,the insert shgms, the flight profile was divided into four

Subsonis _
segments for this study. Segment number one covers the,acceleration and

climb to 25,000 feet, and segment two includes the climb and transonic

acceleration to a Mach number of 2. S:.ient number three consists of the

P
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acceleration to Mach number 3 and climb to cruise altitude. The Mach 3
Breguet cruise is labeled segment number four. Deceleration and letdown

at end of cruise is not included in this study since the weight of fuel

is quite small and the temperature effects unimportant. A given temperature

increment above standard was then applied to each segment independently and

the mission was flown using standard day temperatures throughout the remaining
parts of the flight profile. The total fuel corsumed for the climb and cruise

segments was then compared to that of a “Lligat I:ving standard day temperatures

throughout. The resulting percent incr:nse in fuel used above standard was
Plotted against the corresponding temperature increment for each segment as
shown in figure 5. For example, considering a 20°F temperature increase in
segment number two with standard temperatures over the rest of the flight
profile, an increase in fuel used from standard of about 7"—.?'percent is
indicated. This amounts to about 4350 pounds of fuel consuméd above the
189,800 pounds used to the end of cruise for the standard day mission. For
reference purposes, the dashed curve of figure 5 shows the fuel used above
that for a standard day as a result of the indicated temperature increments
existing throughout the entire climb and cruise. It can be seen that
increased temperatures in segments number 1 and 3 result in very little
loss in the sirplane's performance. The increases in fuelAused are less
than one-hali of one percent on a 500 hot day. The cruising flight, or

segment numb: » 4, results in an increase in fuel used of about 1.35 percent

for a 30° in: ;ase in temperature. The most eritical portion of the flight

profile is 5. :n to be segment number 2 which includes the transonic acceleration.

In & t, a taaperature increase in this region results in a reduction in

P
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performance amounting to two-thirds ol .2t ciused by the same temperature
increase existing over the entire flight profile. A temperaturé increment
of plus 300 during segment number 2 amounts to a L.13 percent or 7850 pounds
increase in fuel used. This is & severe penalty when one considers that this
represents the weight of about 37 passengers and baggage and results from a
300 temperature increase during a phase of the mission that covers only 198
nautical miles angt;;;;s sixteen minutes to fly on a standard day. It is
also interesting to note that the cruise phase, although taking 2627 nautical
miles and 92 minutes on a standard da;’, indicates a penalty on a 300 hot day
that is about one-third that of segment rnumber :. It is obvious then that
atmospheric temperature variations will lave o nerious effect on the super-
sonic transport performance during transonic acceleration. A
The results of this study indicate the importance of én accurate knowledge
ofvthe atmospherig temperatures along the mission profile. This information
should be current and available to the airplane operators before the flig:t
for the'purpose of calculating payload ard fuel required. Temperature
measurements to at least 60,000 feet should be taken for about a 300 mile
radius around the airport. Particular emphasis should be placed on the region
of segment number 2 of the flight profile considered involving the transonic
acceleration which occurs from about 25 to 200 nautical miles from the airport.
In addition, it appears that temperature measurements will be required from
60,000 to 80,000 feet along the cruise path at intervals in range about equal
to those precently employed across the United States. Additional studies
will be need ¢ to determine how frequently these temperature measurements

will be requ red. However, due to the short flight times involved, it appears

that “he prec.ent twelve-hour interval between readings will be too great and
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that measurements will be needed perhaps as often as every hour, particularly
in the region within\300 nautical miles of the terminals. It also appears
that the accuracy of these temperature measurements might have to be

) o, -
improved over those presently taken, as a 5 increase along certain areas :

)

of the mission profile can lead to a considerable increase in fuel consumption.
It should be pointed out that thc vagnitude of the fuel losses shown in
figure S would change when considering other prc¢:'iles, ranges, aerodynamics
and engines. However, it is felt that in= characteristics of the above
factors would not vary sufficiently from those used to change the relative

importance of the fuel losses in the various profile segments.

Take-off and Landing. - Another area of concern to Supersonic Transport

operation is the effect of increases in afmospheric temperature at the
take-off and landing points. Elevated tcaperatures along the runwey on
take-off result in reduced thrusts and require increased take-off velocities
for a qen throttle cgihing

’(to meet the climb-out conditions. As a consequence, the take-off distances
become greater as the temperature is increased. Figure 6 shows the variation

© of the take-off distance with increases in temperature above stendard on the
runway. A teke-off power setting, which due to noise considerations is
somevhat less than maximum, was held constant. The percent increases in
take-~off dist-nce shown are based on a standard day length of 6565 feet
calcul .ted fc: the aircraft considered in this paper, having a wing loading
of 80 pounds ;ér square foot and a maximum sea level static thrust-to-weight

 ratio of .45 . As indicated in figure 6, the take-off distance on a 30°F

hot day reachs a value that is some 30 percent greater than the standard

day length. Iven so, this distance of about 8500 feet is well under the




- 16 -

maximum allowable value of 10,500 feet. This is due to the fact that a
relatively hizh thrust-to-weight ratio was found optimum for transonic
acceleration 1t the high altitudes imposed by sonic boom requirements
and as a resxit, Tairly high thrusts are available for take-off. How-
ever, 1f the:r: thrusts are much less than indicated, staying within the
allow:dblc talie-off distance may become more of a problem on & hot day
than is presented by the case considered.

Increases in atmospheric temperature during the landing phase of
the miésion have an effect similar to that experienced during take-off.
Elevated temperatures result in higher landing speeds which in turn lead

1o longer landing runs.

Descent and iieserves. - The descent portion of the supersonic transport

A..,..(...\_,..‘.A.

mission will be similar to the climb phase in that a profile will have'to:
be followed so as not to excéed 2 PSF overpressure on the ground. However,
unlike the climb phase, a relatively small amount of fuel will be used for
descent due to the very low power settings. For this reason it éppears
that increased atmospheric temperatures in this area will not be much.of a
problem as far as fuel economy is concerned. |

In order to meet requirements for hcldir; "1 a traffic pattern and
travel to an alternate airport, the supersonic wransport must have a |

certain amount of fuel in reserve at the end of the mission. These
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reserves based on current concepts amount to about 7 percent of the
aircraft's take-off gross weight on a standard day. However; to perform
the same requirements on a 30°F hot dey, the reserve fuel would have to

be increased to about 7.5 or 8 percent of the fake-off gross weight. - Thus
temperature information along the fli i~ path and around the destination
should be availeble prior to take-off in order to calculate the fuel needed
to meet the 1eserve requirements.

This diccussion has pointed out the penalties resulting from hot day

operation in the various phases of the supersonic transport mission. It also

has indicateC the need for complete and accurate atmospheric temperature
information zlong the flight profile and particularly in and around the
terminal areas for preflight determination of the fu2l and payload weights.
EFFECTS OF REGIONS O ..iIGH TidPERATURE
ON TRANSPORT OPERATION

The performance losses in terms of excess fuel consumption associated‘
with flying through regions of above standard atmospheric temperatures along
certain parts of the mission profile have been shown. It may be possible to
avoid these regions by coursé or altitude changes, assuming the operators
have complete and accurate preflight temperature information. For this
reason & few sample cases will be shown in which the flight profile was
changed to evoid assumed discreet regions of elevated temperature in the
climb and in the cruise phases of the mission. .\ nission typical of a
great circle flight from New York to L: ¢cu ¢i .om2 3000 nautical miles

was considered. The same aircraft assi.cd for the previously discussed

s - e e ey
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work, having = wing loading of 80 pounds per square foot and a thrust-to-weight
ratio of .45 was employéd. For purposes of simplifying the problem, a Mach 3
constant altitude cruise of 75,000 feet rather than a Breguet cruise was flown
and this togcther with the shorter range results in the fuel consumed values
being differcat from those of figure S.

The first case examined considers one method of avoiding a high temperature
region located in the transonic accel. .. ..ion : -~ i the profile as indiéated

were assumad +o
by the shaded portion of figure 7. The 20°F above standard temperatures , occur

A
from 25,000 to 52,000 feet corresponding to segment 2 of figure 5, and extend
out along the course some 800 nautical miles. Standard day temperatures are
assumed in all other areas. The transonic acceleration and climb of the
standard 2 PSF overpressure profile, as indicated by the solid line, falls
within the region of elevated temperature as shown. Flying'this standard
profile through the warm region results in a fuel usage at the end of cruise
of 186,091 pounds or about 4025 pounds zbove the same mission flown on a
standerd cey. The dashed lines repres nt a profil= planned to avoid the
elevated temperatures and follow standc < condi ions for the entire mission.
Tﬁe normal climb is followed - up to 20,(UC feet where the aircraft levels off
and cruises subsonic at a Mach number of 0.8. Upon reaching a range of 800
nautical miles and having passed the high temperature region; the aircraft
then follows a normal acceleration, climb and cruise. Following this brofile-'
resul®s in 190,987 pounds of fuel being consumed at the end of cruise, or
2896 pounds more thah the normal profis.: passin; through the warm region.
Thus it is seen that a further loss roilier than a reduction in fuel usage

occurs as a result of this type of diversion due to the off-design operation.
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Any attempt to climb through and accelerate above the particular elevated -

temperature area of figure 7 would not ve feasible because of the insuf-

ficient thrust available at the higher altitudes involved. If, however,

the warm area had existed only below 25,000 feet, then only aAsmall penalty

- would result from flying the normal mis:ion through the area as was indicated_

by segment one of figure 5. It should -2 pointed out that thie one example

does not rule out other means'of avoiding this region of elevated temperature

and improvin:; performance, say through course changes. In this case, however,
\n excess of about .

if a course change results in an extensionxdﬁuiwir.llo miles to the cruise

Phase for the aircraft considered, this too will not provide any advantage

over ‘following a normél flight profile through the warm region.

Another problém area that might be mentionred in connection with figure 7
is that of supefsonic transport navi- .- .s0. 0 iiga speeds producing rapid
changes in position will make navigation and trafiic control increasingly
 difficult, but it will be mandatory that the location ofA:::; aircraft
be known at all times. Complicating this task is the fact that variable
meteorological conditions can have a definite effect on the aircraft's
progress along the flight pafh. Deviations in atmospheric temperature
from standaerd, for example, can affect the transport's ability to meet a
given fix, that is, arriving at an assigned altitude at a given time and
range. To illustrate this, consider the normal flight path of figure 7
passing through the 20°F above standor: region 3 compared to the same
mission on & standard day. Because ol 12 ¢  l.nal time required to

complete the transonic acceleratlion pii..c oi the wission due to the elevated

temperatures, the sircraft would arrive at its assigned cruise altitude some
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5.5 minutes later and T4 nautical i s ., than the same
aircraft flown on a standard day. An increased rate of climb to offset
this deviation would result in further increases in fuel consumption
during this phase of the flight. However, with a complete and accurate
knowledge of the existing temperatures along the flight profile, the
operators can predict these changes in the navigation fix prior to the
flight.

Two examples of attempts to avoid areas of increased temperature
during the cruise paase of the mission by changes in altitude are
illustrated in figure 8. Shown in fi ure 8a is « »lus 20?F_temperature

el 8
region covering 1500 nautical miles of “=» 75,C(0 fooé;éi:ise path.
Flying through this region results in 1:35,169 pounds of fuel being
used to the end of cruise or 1103 pounds above ‘he same mission flown
on a standard day. Lowering the cruise altitude to 70,000 feet where
standard day temperatures exist shows an improvenment in fuel consumption
of 1445 pounds compared to flying throu;h the werm area at 75,000 feet.
It is interesting to note that the resuliing fuel consumption is about

However,

the same as that used for the standard day wmission at 75,000 feet, Wik

raising the cruise allitude Frons TSO00 Yo BO00OD Fee? Fo avord sncreosce!

temperalures would resw /% /rn a /arg e penalty ’n this casée.

Figure 8b shows the same elevated temperature region extending to a lower
altitude. Ir this case, in order to avoid the elevated temperatures, the
aircreft would have to cruise at 65,000 feet and would use 189,803 pounds
of fuel at 4’ : end of cruise. Thus it would have been better by some 463k

pounds to ha. : cruised through the warm region at 75,000 feet. These two
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examples indicate that if the region of increased temperature is such
that & small lowering of the cruise altitude to cooler conditions is

possible, then a gain in performance will result. However, if this
Lrom 75000 to

required change in altitude is very ri ., o . .zuplejp

65000 fee

we, large amounts of excess fuel will be expended

as figure 8b indicates.

Another means of avoiding regions.of elevated temperatures in the

cruise phase is to alter the course laterally as illustrated in figure 9.
Here the trip range is plotted against lateral range and the scale of the
latter has been expanded for clarity. The purpose will be to determine the
lateral displacement of another course for standard day temperatures at the %,
same altitude as a result of using the same amount of fuel as would be
consumed in flying through a given area of elevaizd temperature. Figure 9a
shows a plus 20°F above standard temper:.ire r2, 04 covering~the entire

75,000 foot cruise phase of the mission. Flying through this region results
in the use of 185,757 pounds of fuel at the end of cruise, or about 1691
pounds more than the same flight on a stendard day. Now by using this same
amount of fuel and altering the course upon take-off, a meximum lateral flight
path displacement of about 114 nautical miles is »vossible under standard
temperature conditions. This, of coursc, is due to the fact that using

the same amount of fuel it is possible to fly farther on a standard day

than on & hot day. Thus for this case, in order to obtain any significant
improvements in performance over flying through the warm region, the latersl
distance would have to be much less then the maximum of 11k nautical miles.

Of course, any increase in this distance would result in more fuel being
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consumed than the 185,757 pounds use: Jiyio, ¢ .gh the warm area.
Figure Sb shows an increased temperature regicia covering 1500 nautical
miles of the cruise phase. This is the same area used in figure 8 and,
as indicated, 185,169 pounds of fuel are consumed to the end of cruise.
Again, using this same amount of fuel, a meximum lateral course dis-
Placement of about 92 nautical miles is possible when flying standard
day conditions. The results of these two examples show that unless
standard or colder than standard temperatures can be reached in a very
small lateral distance, little or no improvements in performance can
be exgected over flying through warm re;ions on the normal flight path. ?
It should be pointed out that the last tir«e Tigures have only
illustrated a few examples of supersoni¢ cranuport operation. However, QW¥T
the results give a good indication of what is involved in attempting
to improve performance by avoiding repioas of higher than standard
atmosgheric temperature. Regardless of what course or flight path is
folloved, the operators will have to have a current knowledge of the
temperatures along the route for navigsiional purposes and in order to

predict the alrerafi’s performance in terms of fuel required.

CONCLUDING REMARIS
From this examination of the effects of atmospheric temperature ' ‘ ,
on supersonic transport performance, several points of interest have .
evolved. It 2ppears, from a designer's standpoint, that nonstandard
temperatures will not have a great effect on the airplane design
parameters w: ich have been considered. However, as a result of

consicderatic: of hot day operation, scvere reductions in performance
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:are indicated with the greatest portion of the losses occurring in the
transonic region. Increased temperatures at the terminal areas will
result in longer take-off and landing distances, but these were found
to be within the maximum limits for the configuration considered.

Higher than standard temperatures in the region of the destination will
demand increeses in the reserve fuel supply to meet the refused landing
and holding requirements. The few cascs considered show that altering
the mission profile to avoid elevated t  -peratu 2s and thereby attempting
to improve performance will probably nc- be 2 worthwhile procedure. It
was pointed out that the varying times and zltiudes over a navigation fix
as a result of nonstandard temperaturcs along the flight path will presenv
problems in both navigation and traffic control for this type of transpor+
aircreft.

This has been only a brief invest: _etion into the effects of atmospheric
temperature which is but one of the meteorological factors to consider in
the design and operation of the supersonic transport. IEmmeeg Based on
the results of this study, it appears that performance losses associated
with hot day conditions will be of a greater consequence to the operator
than for current subsonic jef transport aircraft. Because of the severe
losses in performance as & result of increased temperatures during certain
phases of th- mission, the operators will need more frequent and accurate
temperature ' rnformation than that which is supplied today, particularly

in and arow:’ the terminsl aresas.
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